Abstract: Coalbed Methane(CBM) production enhancement for single wells is a big problem to CBM industrialization. Low production is due to insufficient gas generation by thermogenic.
the rise of coal seams. At the same time, the formation pressure decreases due to the uplift, a large amount of gas has escaped and the coal seam is small in adsorption quantity, leading to low output. Some areas, however, the atmospheric fresh water brings in a large number of biological bacteria (Zhang J,2015 (Zhang J, ,2017 Wei M,2014) . Under their action, small molecules are broken down into methane in coal seams, which can be adsorbed by coal beds to form favorable CBM reservoirs (Ahmed,2001; M,Martini A,2008; Alexei V,2011; ) . In view of this, the coalbed methane production could be improved by the introduction of biological bacteria with artificial methods (Rathi R,2015; Kirk MF,2015; Robbins SJ,2015) .Therefore,microbial simulation experiment on enhancing CBM production is of great practical significance on CBM exploration and development.
A number of studies related to biogas simulation experiment haven been conducted abroad (Jones EJP,2008 ,2010 Haider,2013 Haider, ,2014 Haider, ,2018 . Scott(1999) proposed the concept of "microbially enhanced coalbed methane", that is, with bacteria and nutrients injected into coals, methane is generated by the biodegradation of coals, asphaltenes and waxes so as to increase methane production in coal seams. Other studies show that the organic matter rich in small molecules, can be utilized for microbes to produce gas. Recently, some institutions in the United
States have carried out a lot of work and trials to improve production by microbes (Priyadarshani,2012； Colosimo F， 2016； Park SY， 2016 . In their approaches, firstly, find out the nutrient formulations suitable for the growth of the microbial community and then inject them into underground, thus realizing the conversion of coals into methane (Zehnder,1988; Dariusz,2011 ,Davis KJ,2018 . All these show in terms of the industrial production scale, it is feasible for coals to be converted into methane by microbes. Meanwhile, domestic scholars (Li,1996; Wang,2010 ) have adopted the anaerobic culture method and have developed active anaerobic bacteria in lignite samples in Zhaotong city, Yunnan province ,China. A follow-up 60-day experiment on methane generation has been carried out, and biogas generation laws, composition and formation mechanism have also been analyzed. The results reveal that the lignite with the reduction environment is beneficial to the prosperity of methanogens in Zhaotong Basin.
Biogas generation has undergone three stages: slow growth, significant increase and slow down, which show that methanogens will reach a higher level in quantity and activity in the second stage after slow reproduction in the first stage. Moreover, there are at least two or more peak stages for biogas generation in lignite coals（Wang BY，2010;Yang XQ,2018）.
Mechanism Analysis of Gas Generation by Microbes
Biogenic coalbed methane is considered to comply with anaerobic fermentation theory (Li,1996 ； Wawrik B,2012 . Animals, plants, and other living things are degraded into macromolecular organic matter by the consumption of aerobic microbes after burial, and then the formation is gradually transited from aerobic to anaerobic environment due to constant consumption of oxygen. There are three stages in the anaerobic ecosystem. The first stage is for organic monomers to decompose into reduced organic compounds, in which carbohydrates, protein, lipid and other macromolecular organic polymer are fermented into sugar, amino acids, fatty acids, glycerol and other organic monomers by hydrolysis or fermentative bacteria, and then the organic monomers are hydrolyzed into educed organic compounds, such as propanoic acids, butyric acids, lactic acids and alcohols. The second stage is for reduced organic compounds to decompose into CO2 and acetic acid, in which the intermediate products are further decomposed by obligate hydrogenogens and acetogens into acetic acid, CO2, formic acid and methanol, C1 compounds such as methylamine and hydrogen. The decomposition is divided into two situations: 1)In the geological system with the presence of nitrate and sulfate, the electrons firstly flow to nitrate and sulfate, and then through metabolism of bacteria reduction of the nitrate and sulfate, oxidize the reduced organic matter into CO2 and acetic acid; 2)In the ecological environment with the presence of nitrate and sulfate, the electrons directly flow to CO2. The third stage is the methane production phase, in which acetic acid is composed of CO2(or HCO3-) and hydrogen by homoacetogen, and then methane is generated by fermentation of the acetic acid. Or methane is generated from CO2 by methanogens utilization of coenzyme M reduction system during the anaerobic respiration metabolism process or from other C1 compounds by other fermentation paths (Walter B,2002; Dariusz,2011) . Therefore, the formation of biogas can be attributed to the reduction of H2 + CO2 and the fermentation of acetic acid and methyl.
Method and Process of Biogas Simulation Experiment

Sample Source and Basic Characteristics
The samples are collected from Qinshui Basin and Ordos Basin with representative coals of different ranks. All the samples are fresh coals which have been taken out rapidly from coal mines, sealed by plastic wrap and then transported to the laboratory in the shortest time, thus guaranteeing the samples to be sealed in anaerobic state to the greatest extent. The original plant composition and contribution of different plant parts result in the different coal composition expressed by coal macerals. Macerals are microscopically recognizable organic entities in coal. They are distinguished microscopically by color, shape, morphology, and degree of preservation of the cell structure, reflectance level, and intensity of fluorescence. Macerals were introduced by analogy to minerals in rocks (Stopes 1935) . There is, however, a major difference between the concept of minerals and that of macerals. The vitrinite group represents woody plant material (e.g., stems, trunks, roots, and branches)that is derived from the lignin and cellulose of plant tissues (Taylor et al. 1998) . Subdivision into macerals within this group depends on the degree of preservation of cell structure. The liptinite group includes components that are chemically more resistant to physical and chemical degradation than are macerals of the vitrinite group, and it includes, for example, pollen, spores, cuticles, waxes, and resins. Liptinitemacerals are enriched in hydrogen, owing to a greater amount of aliphatic components compared with the other two maceral groups. The inertinite maceral group originates from the same material as do the vitrinite group and the liptinite group but have a higher degree of aromatization and condensation. Inertinite macerals have a greater carbon content than vitrinite and liptinite group macerals at the same rank because they were carbonized, oxidized, or subjected to chemical or bacterial attacks prior to coalification, usually in the peat stage (Taylor et al. 1998 , Scott & Glasspool 2007 . From the vitrinite reflectance and maceral tests of coal samples, Ro ranges from 0.5% to 1.32%. Coal samples include different types like long flame coal, fat coal, coking coal and lean coal. Vitrinite content ranges between 6.3% and 82.6% (see table 1). 
Microbial Detection of Coal Samples
Microbial DNA Extraction and Sequencing of Coal Samples
Microbial detection mainly extracts DNA from coal samples by molecular ecological means based on the test kit principle (Bi ZT,2017; Raudsepp MJ,2017) . First, break the cell wall of bacteria by highly active protease(proteinase K)-a kind of hay protein enzymes, separate the DNA from denatured protein and other ingredients by adding Sodium dodecyl sulfate(SDS), and purify DNA using silicon matrix based on the unique adsorption principle of DNA. Then, duplicate double-stranded DNA by adding base pairs based on 16S rRNA uniqueness of PCR technology to obtain the required specific DNA banding, and finally detect the extraction quality of DNA banding under the gel electrophoresis(ChengL,2013).
Metagenomics 454 Sequencing Analysis
In this analysis, PCR products have been successfully obtained by diluting purified DNA 10 times as PCR amplification template. Due to low biomass in the coals, only samples from Shuangliu coal mine rather than Hufeng or Chengzhen coal mines have passed 454 sequencing quality tests. 1866 archaea and 8500 bacteria have been respectively obtained from the original sequence of 454 pyro-sequencing by removing low-quality sequences, primer and tag sequences from RDP database. Chao1( abundance index of bacteria and archaea species )are respectively 72% and 33% higher than corresponding OTU. Using over 97% of sequence similarity as OTU classification index, bacteria and archaea could be divided into 148 and 158 OTU respectively, and the sequencing results are shown in Table 2 . Archaea from Shuangliu coal mines belongs to euryarchaeota phyla, and its detection results are shown in Table 3 , which are mainly composed of acetic acid nutritional methanogens. Bacteria (Table 4) 
Inorganic Medium Composition and Preparation
The composition and preparation of inorganic salt anaerobic enrichment cultures are as follows: weigh 1L distilled water, 0.5g NaCl, 0.5g MgCl2.6H2O, 0.1g CaCl2.2H2O, 0.3g NH4Cl, 0.5g KCl and 0.2g KH2PO4, 5ml Soil extract, and 2ml trace elements of 284# in turn [10] , cool slightly after boiling, add Cysteine-HCl and KOH (5 mol) and adjust PH to 6.0-6.5, then add Resazurine and observe colors changing from blue to red to colorless, continue heating after boiling, with anaerobic N2 inlet in, adjust temperature to keep the cultures under boiling for about 30min, continue further to inlet N2/CO2 mixture, and then transfer it into the bucket with ice, and finally keep some portions under the protection of N2 , and keep sterilization for 30 minutes at 121℃ (WiddelF,2006 ,Barnhart EP,2013 .
Experiment Design
First grind coal samples to 60 mesh, remove residual gas in the coal seams and pack samples into each group of 10g coal and 50g inorganic cultures. Then add different exogenous substances to simulate the influence of different conditions on gas generation. The 1st group is to simulate gas generation of coals utilizing their own nutrients and analyze gas production potential by indigenous bacteria without the addition of exogenous substances; The 2nd to 4th groups are to analyze the production enhancement potential with the addition of exogenous bacteria; The 5th to 7th groups are to analyze the production enhancement potential with the addition of different nutrients; The 8th group is used as the control group. All the samples have been handled under static dark condition at 15℃ and 35℃, the whole process has been completed in anaerobic sterile operation box, and gas production tests have been carried out every once in a while and improvements on frequencies have been made. 
Potential Analysis of Enhancing CBM Production by Microbes
After 172 days of lab incubation, most of the coal samples have different degrees of gas generation, showing that it is completely possible for coals to produce gas by microbes. Biogas generation is very common under geological conditions. Furthermore, coal samples without gas production could produce gas by adding nutrients or Bacteria, while coal samples with gas production may continue or be restricted to produce gas due to the promotion or destruction of the former gas generating balance with the addition of exogenous substances.
Gas Generation Potential Analysis of Coals Utilizing Indigenous Bacterial
Without adding any substances, HF, SL and ZC coal samples show good gas production, while in other areas they do not. The reason for this may be associated with the macerals of coal rocks, in which coal samples with higher vitrinite content may produce gas, while coals with higher inertinite content may not produce gas. Methanogens is a kind of anaerobic microbes and may preferentially degrade vitrinite parts of coals. From gas generation experiment (Figure 2) , it can be seen that gas generation rate is rapid at the initial period of cultures and then declines after 150 days. Gas generation varies greatly under different temperature gradients and the gas production at 35℃ is higher than that at 15℃, indicating that 35℃ is more suitable for coals to produce gas by microbes, with 0.49mmol of total gas production, about 0.78m 3 /t. 
Production Enhancement Potential Analysis by Adding Bacteria
Comparison of gas generation has been made between coal sample groups with and without addition of exogenous methanogens, and CK group (coal samples without addition, only including methanogens and inorganic salt). Among them, most bacteria clones of the inoculation(AHB) belong to five groups: uncultured WWE1 (4.8-36.7%), Clostridiales (8.9-22.8%), Spirochaetales (7.2-10.1%), Thermotogaceae (4.8-6.3%) and Proteobacteria (5.1-6.3%). Archaea includes acetic acid nutritional methanogenic archaea(Methanosaeta), uncultured Methanomicrobia groups and hydrogen nutritional Methanomicrobiaceae, with hydrogen and acetic acid nutritional methanogenesis archaea coexisting. It could be seen from the gas production curve (Figure 4 ) that gas production shows an increasing trend after adding exogenous methanogens, indicating that the addition of exogenous bacteria has promoted gas production. By four control experiments: one without carbon source, the other three with hydrogenation nutrients, NaAc and methanol respectively, coal samples have been cultivated for 135 days under laboratory conditions( Figure 5 ). It could be seen from the gas production curve that the gas production was 0.1mmol without adding carbon source, and it has increased when NaAc or hydrogen nutrients are added. Meanwhile, the gas production added with hydrogen nutrients is higher than that by adding NaAc. Moreover, the gas production decreases when adding methanol, indicating an inhibitory effect on gas production. It could be concluded that coal samples may give priority to hydrogen nutrients. 
Conclusions
Through biogas simulation experiments, it is found that coals could produce gas by utilizing their own microbes and gas production could be greatly increased by artificial intervention. Gas production by adding exogenous bacterial species is up to 1.68m3/t, an increase by 115%, while gas production by adding nutrients can reach 1.9m3/t, an increase by 144%. 
Biogas Simulation Experiment Prospect
Coal resources are abundant in China, but as gas content is low in some coal field, it does not deserve CBM commercial development (Qin,2005 (Qin, ,2006 Tao,2005; ) . Research on biogas production shows a clear mechanism of methane generation, and coal seam conditions can be improved by artificial means (Huang ZX,2017; Iverach CP; . For example, gas production could be improved by injecting microbes into coals in the areas that lack microbes (Gallagher LK,2013; ) . Meanwhile, in some areas with biological bacteria, gas production can be promoted by adding nutrients (kotarba,2004; Guo HG,2015) . The simulation experiment, that methanogens can utilize coals to produce biological methane, theoretically justifies the effectiveness of the technology (Green MS,2008) . Moreover, as coal seams are shallow with well developed pores, it is technically feasible to inject nutrients and bacteria to enhance CBM production. Currently, a large mount of biogas has been found in CBM areas in China. Therefore, we can firstly select areas with good geological conditions for biogas development, including areas with active groundwater recharge, large coal reservoir thickness, high permeability and good cap rock, then simulate gas production by laboratory experiment and inject different kinds of nutrients or microbes to accelerate coals or to activate endogenous bacteria to produce gas in order to enhance CBM production. But converting coal beds into methane by improving coalbed environment is still in the phase of laboratory simulation, as many problems remain unsolved in field applications. Nevertheless, this technology has a huge potential and is believed to be the next breakthrough for CBM industrialization.
